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Surface-coated carbide alloy cutting tool 



(57) A cutting tool having a hard coating layer in- 
cluding: a Ti compound layer, as a lower layer, formed 
by vapor deposition, having an average thickness of 0.5 
to 20 u.m and made of at least one layer chosen from 
among a carbide of Ti layer, a nitride of Ti layer, a car- 
bonitride of Ti layer, a carboxide of Ti layer and a car- 
bonitroxide of Ti layer; an aluminum oxide layer, as an 
intermediate layer, which has an average thickness of 



1 to 25 u.m and a heat transformed cx-type crystal struc- 
ture derived from a vapor deposited k- or G-type alumi- 
num oxide layer, and having a structure having cracks 
therein formed during heat transformation uniformly 
dispersed ; and an aluminum oxide layer, as an upper 
layer, formed by vapor deposition having an average 
thickness of 0. 3 to 1 O urn and an ct-type crystal structure. 
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Description 

Field of the Invention 

5 [00O1] The present invention relates to a cutting tool made of a surface-coated cemented carbide alloy (hereinafter 
referred to as a coated cemented carbide tool) whose cutting edge portion exerts an excellent heat-resistant plastic 
deformability when various types of steel and cast iron are cut under high-speed cutting conditions accompanied with 
high heat generation. 

to Description of the Related Art 

[0002] There has conventionally been known a coated cemented carbide tool comprising, on the surface of a sub- 
strate made of a tungsten carbide (hereinafter referred to as WC)-based cemented carbide alloy (hereinafter referred 
to as a cemented carbide substrate), a hard coating layer composed of the following layers (a) to (c) deposited thereon: 

15 

(a) a Ti compound layer, as a lower layer, formed by chemical vapor deposition (hereinafter referred to as "CVD") 
and/or physical vapor deposition (hereinafter referred to as "PVD") which has an average thickness of 3 to 20 jxm 
and is made of one layer or a plurality of two or more layers among a layer of carbide of Ti (hereinafter referred to 
as TiC), a layer of nitride of Ti (hereinafter referred to as TiN), a layer of carbonitride of Ti (hereinafter referred to 

20 as TiCN), a layer of carboxide of Ti (hereinafter referred to as TiCO) and a layer of carbonitroxide of Ti (hereinafter 

referred to as TiCNO); 

(b) an aluminum oxide (hereinafter referred to as Al 2 O a ) layer, as an upper layer formed by CVD which has an 
average thickness of 3 to 15 jxm and has an oc-type crystal structure; and 

(c) if necessary, a TIN layer having an average thickness of 0.5 to 2 |xm, as a surface layer, is deposited on the 
25 upper layer for the purpose of identification of the cutting edges before and after cutting operations because of its 

golden colortone. Also, it has been known that this coated cemented carbide tool may be used for both continuous 
and interrupted cutting operations of various types of steel and cast iron. 

[0OO3] Also, it has been known that the Ti compound layer and the AI 2 O a layer, which constitute the hard coating 
30 layer of the coated cemented carbide tool described above, generally have a granular crystal structure and, as de- 
scribed in Japanese Patent Application, First Publication No. Hei 6-801 O, and Japanese Patent Application, First Pub- 
lication No. Hei 7-328808, the TiCN layer constituting the Ti compound layer is formed by CVD at a moderate temper- 
ature within a range from 700 to 950 0 C using a mixed gas containing an organic carbonitride as a reaction gas in a 
conventional CVD apparatus, thereby providing the layer with a crystal structure grown longitudinally for the purpose 
35 of improving the toughness of the layer itself. 

[0004] With recent increases in demands for labor saving and energy saving as well as cost reduction in cutting 
operations, cutting operations tend to be conducted at high speed, along with the development of high performance 
cutting machines. When a conventional coated cemented carbide tool is used in continuous cutting or interrupted 
cutting of various types of steel and cast iron under normal conditions, no problem arise. However, when the coated 
<*o cemented carbide tool is used in a high-speed cutting operation, thermoplastic deformation, which can cause abnormal 
wear at the cutting edge portion, is liable to occur due to high heat generated during the cutting operation. As a result, 
the process of wear is accelerated and failure occurs within a relatively short time. 

SUMMARY OF THE INVENTION 

45 

[0005] From aforementioned point of view, the present inventors have studied about the conventional coated ce- 
mented carbide tool in order to develop a coated cemented carbide tool, which exerts an excellent thermoplastic de- 
formation resistance during high-speed cutting operations, thus yielding the following results (1) to (3). 
[0006] (1) When the Ti compound layer, as a lower layer, is formed on the surface of a cemented carbide substrate 

so under normal deposition conditions and an Al 2 0 3 layer having a k - or 6 -type crystal structure is formed also under 
normal deposition conditions and then the resulting material is subjected to a heat treatment in this state, preferably, 
in an Ar atmosphere under the conditions of a temperature of 1000 0 C or higher for a predetermined time, the k- ore 
-type crystal structure is converted into an oc -crystal structure. As a result, cracks formed during the heat transformation 
are uniformly dispersed and distributed in the resulting heat transformed oc-type Al 2 0 3 layer and the heat transformed 

55 cx-type Al 2 0 3 layer operates as a heat-insulating layer for high heat generated during high-speed cutting operations 
due to an action of a large number of cracks which are present in the heat transformed oc-type Al 2 0 3 layer, and also 
suppresses high heat from being transferred to the cemented carbide substrate. Consequently, thermoplastic defor- 
mation of the cutting edge portion is markedly suppressed and the occurrence of abnormal wear is prevented, and 
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therefore the cutting edge portion exhibits a normal wear pattern, thus enabling cutting operations for a long period. 
[0007] (2) In a coated cemented carbide tool comprising a hard coating layer composed of the heat transformed oc- 
type Al 2 0 3 layer, as an intermediate layer, and an cc-type Al 2 0 3 layer, as an upper layer, deposited on the surface of 
the intermediate layer also under normal deposition conditions, some portion of the deposited Al 2 0 3 sufficiently enters 
s into cracks formed during the heat transformation at the interface with the heat transformed ct-type Al 2 0 3 layer, thereby 
making it possible to maintain the cracks formed during the heat transformation in a markedly stable state, thus enabling 
a cutting operation for a long period without causing chipping even if high-speed cutting is conducted under the inter- 
rupted conditions. 

[0008] (3) In the heat transformed cc-type Al 2 0 3 layer formed by heat transformation of the k -type Al 2 0 3 layer, since 
10 the basal plane of the hexagonal crystal of the respective crystals constituting the layer exhibits a unique orientation, 
which is generally in parallel with the film growth surface, such that the film itself has excellent wear resistance, the 
layer exhibits excellent cutting performances, along with the heat-insuiating effect of the film. 

[0009] The present invention has been completed based on the results described above and provides a coated 
cemented carbide tool, which exerts an excellent thermoplastic deformation resistance during the high-speed cutting 
15 operation, the cutting tool comprising, on the surface of a cemented carbide substrate, a hard coating layer including 
the following layers (a) to (c) or (a) to (d): 

(a) a Ti compound layer, as a lower layer, which has an average thickness of 0.5 to 20 urn, preferably 3 to 15 jim, 
and more preferably 5 to 1 O p.m, and is made of one layer or a plurality of two or more layers formed by vapor 

so deposition process, among a TiC layer, a TIN layer, a TiCN layer, a TiCO layer and a TiCNO layer; 

(b) a heat transformed cc-type Al 2 0 3 layer, as an intermediate layer, which has an average thickness of 1 to 25 
u.m, preferably 3 to 1 5 urn, and more preferably 5 to 1 O um, formed by heat transformation of a vapor deposited 
k- ore -type Al 2 0 3 layer; 

(c) an Al 2 0 3 layer, as an upper layer, formed by vapor deposition process which has an average thickness of 0.3 
25 to 1 O jxm, preferably 0.5 to 5 ^xm, and more preferably 0.5 to 2 luti, and an cc-type crystal structure; and 

(d) if necessary, at least one layer of TiN, TiC or TiCN, as a surface layer (d), formed by vapor deposition process 
which has an average thickness of 0.1 to 5 urn, preferably 0.3 to 4 u.m, and more preferably 0.5 to 2 um. 

[0010] The AI 2 O a layer having the heat transformed oc-type crystal structure preferably has a structure in which cracks 
30 formed during the heat transformation are uniformly dispersed and distributed. 

[0011] The average thickness of each constituent layer of the hard coating layer of the coated cemented carbide 
tool of the present invention is limited for the following reasons. 

(a) Lower layer (Ti compound layer) 

35 

[0012] The Ti compound layer itself has the toughness (strength) and the hard coating layer is provided with the 
toughness by the presence of the Ti compound layer, and also strongly adheres to any of the cemented carbide sub- 
strate and the heat transformed cc -type Al 2 0 3 as the intermediate layer, thereby to exert an effect of contributing to an 
improvement in adhesion to the cemented carbide substrate of the hard coating layer. However, when the average 
40 thickness is less than 0.5 Ltm, the effect described above cannot be sufficiently exerted. On the other hand, when the 
thickness exceeds 20 chipping is liable to occur at the cutting edge portion. Therefore, the average thickness of 

this layer is preferably within a range from 0.5 to 20 yvm. 

(b) Intermediate layer (heat transformed cc-type Al 2 0 3 layer) 

45 

[001 3] As described above, the heat transformed oc-type Al 2 0 3 layer has an effect of preventing high heat generated 
during high-speed cutting operation due to a function of a large number of cracks, which are uniformly dispersed and 
distributed in the layer, from being transferring to the cemented carbide substrate, thereby suppressing thermoplastic 
deformation. However, when the average thickness is less than 1 y.m, the effect described above cannot be sufficiently 
50 exerted. On the other hand, when the average thickness exceeds 25 Lim, cracks formed during the heat transformation, 
which are present in the intermediate layer, can cause chipping. Therefore, the average thickness of this layer is pref- 
erably within a range from 1 to 25 Lim. 

(c) Upper layer ( cc-type Al 2 0 3 layer) 

55 

[0014] The upper layer has a function of sufficiently entering into cracks formed during the heat transformation at 
the interface with the heat transformed cc-type Al 2 0 3 layer, thereby making it possible to maintain the cracks formed 
during the heat transformation in a markedly stable state. However, when the average thickness is less than 0.3 |x.m, 
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the function described above cannot be sufficiently exerted. On the other hand, when the average thickness is up to 
10 jxm, the function can be sufficiently exerted. Therefore, the average thickness of this layer is preferably within a 
range from 0.3 to 1 0 jxm. 

s (d) Surface layer (at least one layer of TIN, TiC or TiCN) 

[0015] In the case in which the surface layer is formed of TiN, it is optionally formed by vapor deposition process for 
the purpose of identification of the cutting edges before and after cutting operation because of a golden color tone. 
However, when the average thickness is less than 0.1 ^im, a sufficient identification effect cannot be obtained. On the 
10 other hand, when the average thickness is up to 5jj.m, the identification effect due to the TiN layer is sufficient. Therefore, 
the average thickness of this layer is preferably within a range from 0.1 to 5 u.m taking into account economic efficiency. 
Even if a portion or all of the portion excluding the outermost portion of the TiN layer is replaced by the TiC layer and/ 
or the TiCN layer, the above effect is maintained. 

[OOI 6] It is preferred to provide aTi oxide layer, which has an average thickness of 0.2 to 5 jxm and meets the formula: 

is TiOx (provided that an atomic ratio x of O to Ti is within a range from 1 .2 to 1 .9) as measured by an Auger electron 
spectroscopy at the center portion in the thickness direction, between the upper layer and the surface layer. 
[OOI 7] The Ti oxide layer has very low affinity for steel and cast iron and also has a characteristic wherein chips 
produced during cutting are less likely to be smeared, that is, there is surface lubricity. Consequently, abnormal damage 
caused by smeared chips is markedly suppressed. This effect is particularly exerted when workpieces having a high 

20 viscosity made of stainless steel and mild steel are cut. 

[OOI 8] A ratio of a peak intensity of (006) plane, 1(006), to a peak intensity of (1 1 3) plane, 1(1 1 3), is preferably 0.1 or 
more in an X-ray diffraction profile of the oc-type aluminum oxide layer which constitutes the hard coating layer. 
[0019] A ratio of a peak intensity of (006) plane, 1(006), to a peak intensity of (012) plane, 1(012), is preferably 0.1 or 
more in an X-ray diffraction profile of the oc-type aluminum oxide layer which constitutes the hard coating layer. 

25 [0020] The heat transformed oc-type Al 2 0 3 layer is preferably formed in the following manner. First, in order to stably 
form a k - or B-type crystal structure without including an oc-type component, an Al 2 0 3 layer is formed under the con- 
ditions of a temperature of 1 000 0 C or less, preferably 970 0 C or less, and more preferably 950 0 C or less. Subsequently, 
in orderto convert the resulting Al 2 0 3 layer into an ot-type crystal structure as completely as possible, the k - or 0 -type 
crystal structure is subjected to a heat treatment by heating to 1020 0 C or higher, preferably 1040°C or higher, and 

30 more preferably 1 060°C or higher, and being allowed to stand for a predetermined time, thereby converting into an oc- 
crystal structure. 

BRIEF DESCRIPTION OF THE DRAWING 

35 [0021] Fig. 1 is an X-ray diffraction chart of the coated cemented carbide tool 1 7 of the present invention. 
[0022] Fig. 2 is an X-ray diffraction chart of the conventional cemented carbide tool 17. 

DETAILED DESCRIPTION OF THE INVENTION 

40 [0023] The coated cemented carbide tool of the present invention will be explained by way of embodiments. 

[0024] Cemented carbide substrates A to H each having a shape of a insert defined in ISO CNMG120412 were 
produced by preparing a WC powder, a TiC powder, a ZrC powder, a TaC powder, a NbC powder, a Cr 3 C 2 powder, a 
TiN powder and a Co powder each having a predetermined average grain size of 1 to 5 jam as raw powders, com- 
pounding these raw powders according to each formulation shown in Table 1, further adding a wax, mixing them in 

45 ethanol in a ball mill for 24 hours, drying the mixture, compacting the dried mixture under a pressure of 150 MPa to 
form green compacts, vacuum-sintering these green compacts under the conditions of a vacuum degree of 5 Pa and 
a predetermined temperature within a range from 1 370 to 1 470°C for one hour, and subjecting the cutting edge portion 
to honing (R: 0.07 mm) after it was cooled to room termperature. 

[0025] After these cemented carbide substrates A to H were subjected to ultrasonic cleaning in acetone and were 
so dried, a Ti compound layer, as a lower layer of a hard coating layer, having a target thickness shown in Table 3 was 
formed on the surface of these cemented carbide substrates A to H under the conditions (which are the same conditions 
forformation of a conventional granular crystal structure with the exception of 1 -TiCN in Table 2 which shows conditions 
for formation of a TiCN layer with a crystal structure grown longitudinally as described in Japanese Patent Application, 
First Publication No. Hei 6-8008) shown in Table 2, using a conventional CVD apparatus, and as an intermediate layer 
55 of the hard coating layer, an Al 2 0 3 layer having a k - or B-type crystal structure and a target thickness shown in Table 
3 was first formed thereon under the conditions shown in Table 2, and then the k - or 6 -type crystal structure was 
converted into an oc-type crystal structure wherein cracks formed during the heat transformation are uniformly dispersed 
and distributed in the layer by subjecting it to a subsequent heat treatment in an Ar atmosphere under the conditions 
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of a temperature of 1050°C for 1 to 8 hours. Furthermore, an cx-type Al 2 0 3 layer having a target thickness shown in 
Table 3 as an upper layer and, if necessary, a TiOx layer as a lubrication layer and/or a TIN layer as a surface layer 
were formed thereon under the conditions shown in Table 2, thereby to produce coated cemented carbide tools 1 to 
24 of the present invention. 

[0026] For comparison, as shown in Table 4, conventional coated cemented carbide tools 1 to 24 were respectively 
produced under the same conditions described above, except that an as-deposited cx-type Al 2 0 3 layer having an av- 
erage thickness shown in Table 4 was formed as the upper layer of the hard coating layer and the heat transformed 
oc-type Al 2 0 3 layer was not formed. 

[0027] With respect to the coated cemented carbide tools 1 to 24 of the present invention and conventional coated 
cemented carbide tools 1 to 24 thus obtained, the respective constituent layers of the hard coating layer were observed 
by using a scanning electron microscope (cross-section of each layer was observed). As a result, it was confirmed that 
each hard coating layer of any of the former coated cemented carbide tools is composed of a Ti compound layer, a 
heat transformed oc-type Al 2 0 3 layer wherein cracks formed during the heat transformation are uniformly dispersed 
and distributed in the layer and an as-deposited oc-type Al 2 0 3 layer and, if necessary, a TiN layer, while each hard 
coating tayerof any of the latter coated cemented carbide tools is composed of a Ti compound layer and an as-deposited 
oc-type Al 2 0 3 layer and, if necessary, a TiN layer. Furthermore, the thickness of the respective constituent layers of the 
hard coating layer of these coated cemented carbide tools was observed also by using a scanning electron microscope. 
As a result, all of the coated cemented carbide tools exhibited an average thickness (average of five measurements) 
which is substantially the same as the target thickness. 

[0028] With respect to the coated cemented carbide tools 1 to 24 of the present invention and conventional coated 
cemented carbide tools 1 to 24, the crystal structure of these hard coating layers was evaluated by X-ray diffraction. 
A ratio of a peak intensity of (006) plane whose diffracted intensity accounts for 1% of a maximum peak as defined in 
ASTM10-173 that describes a standard peak of oc-type Al 2 0 3 against a peak intensity of ("113) plane whose diffracted 
intensity is maximum also as defined in ASTM10-173, l(006)/l(11 3), was determined. Meanwhile, with respect to the 
coated cemented carbide tools 2, 7, 9, 14, 21 , and 23 of present invention and conventional coated cemented carbide 
tools 2, 7, 9, 14, 21 , and 23, said X-ray diffraction peak ratio could not be calculated, because the diffraction peak of 
(200) plane of TIC layer significantly interferes the diffraction peak of (006) plane of oc-type Al 2 0 3 . The results are shown 
in Table 5. 

[0029] Furthermore, X-ray diffraction charts of the coated cemented carbide tool 1 7 of the present invention and the 
conventional cemented carbide tool 1 7 are respectively shown in Fig. 1 and Fig. 2. With respect to the coated cemented 
carbide tool 1 7 of the present invention, the value l(006)/l(1 1 3) was 0.67. The cemented carbide tool of the present 
invention is preferably composed of the Al 2 0 3 having a value of 0.1 or more. Since k -type Al 2 0 3 wherein basal plane 
of the unit cell of the respective crystals apt to exhibit a characteristic orientation, which is generally in parallel with the 
film growth surface, was transformed into oc-type Al 2 0 3 , said peak ratio becomes 0.1 or more when the thickness is 4 
yim or more. Said peak ratio is particularly preferably 0.5 or more. 

[0030] The coated cemented carbide tools 1 to 24 of the present invention and conventional coated cemented carbide 
tools 1 to 24 were subjected to a high-speed continuous cutting test of an alloy steel under the following conditions: 

Workpiece: JIS - SCM440 round bar, 

Cutting speed: 420 m/min., 

Depth of cut: 1 .0 mm, 

Feed: 0.32 mm/ rev., 

Coolant: dry, and 

Cutting time: 10 min.; 

a high-speed interrupted cutting test of a cast iron under the following conditions: 

Workpiece: JIS • FC300 round bar with four longitudinal grooves equally spaced, Cutting speed: 400 m/min., 
Depth of cut: O.B mm, 
Feed: 0.35 mm/rev., 
Coolant: dry, and 
Cutting time: 5 min.;, and 

a high-speed interrupted cutting test of a carbon steel under the following conditions: 

Workpiece: JIS • S45C round bar with four longitudinal grooves equally spaced, Cutting speed: 400 m/min., 
Depth of cut: 0.6 mm, 
Feed: 0.2 mm/rev, 
Coolant: dry, and 
Cutting time: 5 min. 
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In all the cutting tests, the flank wear width of the cutting edge was measured. The measurement results are 
shown in Table 5. 
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[0031] As is apparent from the results shown in Tables 3 to 5, all coated cemented carbide tools 1 to 24 of the present 
so invention exhibit excellent wear resistance because the cutting edge portion has an excellent thermoplastic deformation 
resistance due to the action of cracks formed during the thermal transformation which are uniformly dispersed and 
distributed in a heat transformed a- type Al 2 0 3 layer constituting an intermediate layer of a hard coating layer even in 
a high-speed interrupted cutting test and a high-speed continuous cutting test of steel and cast iron accompanied with 
very high heat generation and, therefore, the cutting edge portion exhibits a normal wear pattern. In the conventional 
55 coated cemented carbide tools 1 to 24 wherein the heat transformed a-type Al 2 0 3 layer is not formed in the hard coating 
layer, thermoplastic deformation, which can cause abnormal wear at the cutting edge portion, occurred in the high- 
speed cutting test, thereby accelerating the advance of wear. 

[0032] As described above, the coated cemented carbide tool of the present invention exhibits excellent wear re- 
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sistance for a long period when used in high-speed cutting operations accompanied with high heat generation, not to 
mention the continuous or interrupted cutting operation of various types of steel and cast iron under normal conditions. 
Therefore, the coated cemented carbide tool can sufficiently cope with the development of high performance cutting 
machines to a satisfactory degree, and enables further labor saving and energy saving as well as cost reduction in 
s cutting operations. 



A surface-coated cemented carbide alloy cutting tool comprising a hard coating layer and a cemented carbide 
alloy substrate, the hard coating layer comprising: 

a Ti compound layer, as a lower layer, formed by vapor deposition having an average thickness of 0.5 to 20 

jam and comprising at least one layer chosen from among a layer of a carbide of Ti, a layer of a nitride of Ti, 

a layer of a carbon itride of Ti, a layer of a carboxide of Ti, and a layer of a carbonitroxide of Ti; 

an aluminum oxide layer, as an intermediate layer, having an average thickness of 1 to 25 jj.m and having a 

heat transformed ot-type crystal structure derived from a vapor deposited ic - or e-type aluminum oxide layer; 

and 

an aluminum oxide layer, as an upper layer, formed by vapor deposition having an average thickness of 0.3 
to 10 (j.m and having an ot-type crystal structure. 

A surface-coated cemented carbide alloy cutting tool according to claim 1 , wherein the hard coating layer further 
comprising at least one layer of titanium nitride, titanium carbide ortitanium carbonitride as a surface layerformed 
as the uppermost layer and which has an average thickness of 0.1 to 5 urn. 

A surface-coated cemented carbide alloy cutting tool according to claim 2, further comprising a Ti oxide layer, 
which has an average thickness of 0.2 to 5 (xm and satisfies the formula: TiOx (provided that an atomic ratio x of 
O to Ti is within a range from 1 .2 to 1 .9) as measured by an Auger electron spectroscoopy at the center portion in 
the thickness direction, provided between an upper layer and the surface layer. 

A surface-coated cemented carbide alloy cutting tool according to any one of claims 1 to 3, wherein a ratio of a 
peak intensity of (006) plane, 1(006), to a peak intensity of (1 1 3) plane, 1(113), is 0.1 or more in an X-ray diffraction 
profile of the oc-type aluminum oxide layer of the hard coating layer. 

A surface-coated cemented carbide alloy cutting tool according to claim 4, wherein a ratio of a peak intensity of 
(006) plane, 1(006), to a peak intensity of (012) plane, 1(012), is 0.1 or more in an X-ray diffraction profile of the cc- 
type aluminum oxide layer of the hard coating layer. 

A surface-coated cemented carbide alloy cutting tool according to claim 1 , wherein the aluminum oxide layer has 
a heat transformed cc-type crystal structure and has cracks therein formed during heat transformation. 

A surface-coated cemented carbide alloy cutting tool according to claim 1 , wherein the aluminum oxide layer has 
a heat transformed cc-type crystal structure and has cracks therein formed during heat transformation which are 
uniformly dispersed. 
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